The mechanical properties of AlLi solid solution were studied in tensile deformation tests at extremely low temperature of 0.5 K. The purpose of this study was to investigate the ow stress and work hardening rate as well as the development of serrated (jump-like) deformation for the polycrystalline samples with dierent microstructure. The samples obtained by severe plastic deformation via hydroextrusion were initially tensed up to a given intermediate deformation, then unloaded, annealed to modify their microstructure, and once again deformed to fracture. The increase of the grain size and decrease of average dislocation density due to annealing were found responsible for the work hardening rate increases and the ow stress decrease in accordance with the superposition of the HallPetch and Taylor contributions. As opposed to the ow stress, the high ductility of the samples remains rather insensitive to the microstructure properties, apparently due to suppressed recovery processes as well as the unstable deformation mode at extremely low temperature. The high ductility makes it possible to compare the work hardening rate and the scale of jump-like plastic deformation along the stress-strain curves for samples with dierent microstructures. In all cases, the average amplitude of the stress jumps was observed to increase whereas the average work hardening rate decreases with deformation. The observed correlation indicates that the nature of both phenomenons follows from the dislocation density evolution processes.
Introduction
According to models [13] , the ow stress, σ, work hardening coecient, θ, and ductility of deformed fcc metals are determined by the evolution of the dislocation substructure, in particular, by the accumulation and annihilation rates of dislocations. The grain size, d, and dislocation density, ρ, as well as the deformation temperature, T , are the main factors inuencing the dislocation evolution along the stressstrain curve of a polycrystalline sample.
Preliminary severe plastic deformation (SPD) is an effective method of modifying the microstructure of samples. Usually the SPD processing leads to average grain size decrease, the dislocation substructure rearranges and the average dislocation density increases. As a result of the SPD, the strength of a polycrystalline sample increases and the ductility decreases as compared to the annealed state. The eect of the SPD on microstructure and the dislocation mechanisms of plastic deformation has been the object of many investigations in the last years.
The ratio strength/ductility for dierent microstructure states depends on the test temperature. As temperature decreases, the ow stress increases due to the thermally activated interaction of moving dislocations with * corresponding author; e-mail: shumilin@ilt.kharkov.ua point obstacles. At the same time, the work hardening rate of fcc materials usually increases due to a suppressed dynamic recovery process, therefore, the tensile ductility also increases.
At very low temperatures, the so-called jump-like (or serrated) plastic deformation mode is observed in many crystalline materials. One of the common peculiarities found was the increase of the scale (e.g. the stress jumps amplitude) of this mode with temperature decrease. The experimental data and the nature of this phenomenon were discussed in [4, 5] . Two main hypotheses based on a so-called local heating and dislocation avalanches motion were proposed to explain some of the experimental results obtained for single-and coarse grained crystals.
In this work, the eect of annealing on the plastic deformation of SPD processed AlLi is studied in tensile tests at extremely low temperature. The main target is to investigate the eects of microstructure properties on the average work hardening rate and the average stress jumps amplitude of jump-like deformation. These parameters of the AlLi alloy may be evaluated with more accuracy only at extremely low temperature due to the elevated ductility.
Experimental
Cylindrical rods of Al3.8 at.% Li solid solution were homogenized and SPD processed by a combination of the direct and equal-channel angular hydroextrusion at room temperature (for details see [6] ). Plane samples were controlled by standard light microscopy and using X-ray diraction methods.
Results and discussion
The light microphotographs of AlLi samples after SPD and annealing at two dierent temperatures are presented in Fig. 1 . Due to processing by the combined direct and angular hydroextrusion, the mean grain size, d, decreased down to 13 µm (Fig. 1a) . The annealing at 373 K (sample II) leads a the slow increase of the grain size up to d ≈ 4−6 µm (Fig. 1b) , while the annealing at 623 K (sample I) leads to the increase of the grain size up to d ≈ 30−40 µm (Fig. 1c) .
The corresponding data of the mean dislocation density, ρ, for SPD processed (A), annealed (C) and tension tested (B and D) samples I and II calculated from the X-ray data for the coherent scattering domain size, L, and the microstrain, ε 2 1/2 , are presented in the Table. As follows from calculus, the annealing at 623 K leads to a sharp decrease of the dislocation density, ρ (IC) as compared with the sample annealed at 373 K (IIC). Table. In a rough approximation, the ow stress may be described assuming a simple superposition
where σ 0 is the friction stress, σ HP = Kd The data of dislocation densities evaluated at the points A, B (see the Table) , and the positive slopes of the AB segments of the stressstrain curves in Fig. 2 testify the high capacity of SPD samples to the work hardening corresponding to the dislocation accumulation during plastic deformation at low temperature. The accumulation capacity indicates that at 0.5 K, the dislocation substructure of the sample previously processed by SPD at room temperature becomes unsaturated. As a result, the ductility of the SPD sample tensed at low temperature increases as compared with elevated temperatures.
Annealing at 623 or 373 K leads to the work hardening rate increase (segments CD in Fig. 2 ) more pronounced for sample I treated at high temperature. In terms of the work hardening model [3] and assuming no changes of the average grain size with the strain at extremely low temperature, the observed increase of the work hardening coecient, θ, after annealing may be attributed to the decrease of the dislocation density and corresponding increase of the dislocation accumulation rate. Data of the sharp increase of the average dislocation density due to the low temperature tensile deformation are listed in the Table (see points C and D) .
The pronounced jump-like deformation mode in the form of successive stress jumps (serrations) in the σε curves is observed for samples I and II in Fig. 2 . Due to the high ductility at 0.5 K, more than a hundred stress jumps may be registered in the σε curves for SPD (AB) and annealed (CD) samples. As a result, the average amplitude of the stress jumps, ∆σ, at a given stress, σ, be- annealing. To illustrate this correlation, the plot of the normalized stress jumps amplitude, ∆σ/σ, vs. the inverse work hardening coecient, µ/θ, is presented in Fig. 3 .
The data of ∆σ/σ and µ/θ for samples I and II are plotted at the same ow stress. In all cases, the amplitude, ∆σ/σ, increases with strain whereas the coecient θ decreases. The annealing, on the contrary, leads to a sharp decrease of ∆σ/σ, while the value of θ increases.
It was mentioned that the phenomenon of jump-like 
